Abstract The fruit fly, Drosophila melanogaster Meigen (Diptera: Drosophilidae), is a model for how animals sense, discriminate, and respond to chemical signals. However, with D. melanogaster our knowledge of the behavioral activity of olfactory receptor ligands has relied largely on close-range attraction, rather than on long-range orientation behavior. We developed a flight assay to relate chemosensory perception to behavior. Headspace volatiles from vinegar attracted 62% of assayed flies during a 15-min experimental period. Flies responded irrespective of age, sex, and mating state, provided they had been starved. To identify behaviorally relevant chemicals from vinegar, we compared the responses to vinegar and synthetic chemicals. Stimuli were applied by a piezoelectric sprayer at known and constant release rates. Re-vaporized methanol extracts of Super Q-trapped vinegar volatiles attracted as many flies as vinegar. The main volatile component of vinegar, acetic acid, elicited significant attraction as a single compound. Two other vinegar volatiles, 2-phenyl ethanol and acetoin, produced a synergistic effect when added to acetic acid. Geosmin, a microbiological off-flavor, diminished attraction to vinegar. This wind tunnel assay based on a conspicuous and unambiguous behavioral response provides the necessary resolution for the investigation of physiologically and ecologically relevant odors and will become an essential tool for the functional analysis of the D. melanogaster olfactory system.
Introduction
What triggers take-off and upwind flight behavior in an insect? Two types of flight initiation are distinguished in the fruit fly, Drosophila melanogaster Meigen (Diptera: Drosophilidae): A fast escape in response to threatening visual stimuli and a slow voluntary take-off based on the assessment of a stimulus that reflects the internal physiological state of the animal (Trimarchi and Schneiderman 1995; Allen et al. 2006; Card and Dickinson 2008) . Olfactory cues elicit premeditated flights. Following takeoff, the odor signal mediates upwind oriented flight and guides the insect towards the source (Budick and Dickinson 2006; Chow and Frye 2008) .
The molecular, genetic, and neurosensory knowledge available from D. melanogaster provides the most complete picture of an olfactory system, from odorant receptor genes to neuroanatomy and central processing of the olfactory input (Couto et al. 2005; Benton et al. 2007; Jefferis et al. 2007; Dickson 2008) . A current challenge is to expand further our view to include also odor-mediated behavior, which would complete the entire integration pathway from ligand-binding to motor output. A distinct behavior, such as the voluntary initiation of odor-mediated flight, is an opportunity to investigate how D. melanogaster processes chemical signals that evoke the behavior of flying into the scented wind.
Towards this goal, we need to improve our knowledge of the behavioral effect of olfactory receptor ligands in D. melanogaster. This relies largely on screening of compounds by extracellular recordings and imaging of the input of olfactory receptor neurons into the antennal lobe. The response of D. melanogaster to odors is usually studied in trapping or oviposition assays, using small containers, in spite of common long-range orientation to odor sources in nature. Small dimensions, the lack of an air-flow, and long test duration have led to an elevated response to suboptimal stimuli and have limited the discriminative power and sensitivity of such experiments (Vosshall and Stocker 2007) . In addition, the chemicals used as olfactory stimuli in current molecular and neurophysiological studies of the D. melanogaster olfactory system do not necessarily match the stimuli used by flies for location of food sources and oviposition sites.
Wind tunnels have been employed to investigate odormediated upwind flight behavior in D. melanogaster (Budick and Dickinson 2006) , but have, with the exception of the pheromone compound cis-vaccenyl acetate (Bartelt et al. 1985) , not been used to identify behavior-modifying chemicals. We report the use of a wind tunnel to study long-range attraction in relation to odor quality and the internal physiological state of the flies. After measuring fly attraction to vinegar and some of its key chemical components, we investigated the effect of fly age, sex, mating state, and starvation on flight response. The results demonstrate that a flight tunnel is a sensitive instrument for the analysis of odor-mediated behavior in D. melanogaster.
Methods and Materials
Insects An Oregon R strain of the fruit fly, D. melanogaster, was reared on a standard sugar-yeast-cornmeal diet at room temperature (19-22°C) and under a 8:16 hr L: D photoperiod. Newly eclosed flies were removed from the larval diet daily. Adult flies either were transferred and kept in 30-ml plexiglass vials on fresh diet, or were starved up to 3 d on a humidified piece of cotton wool. Thus, the adults were exposed to the larval diet for a limited period (several hours) after eclosion. For tests with mated males or females, newly emerged test flies were kept together with an excess ratio (ca. 1.5:1) of older virgin flies (ca. 1 wk old) of the opposite sex. Flies were anesthetized with CO 2, and the sexes were separated 24 hr before the experiment. For tests with unmated insects, the sexes of newly emerged flies were separated up to 3 hr after eclosion. Exposure to CO 2 did not exceed 5 min, and preparatory control experiments (data not shown) as well as our subsequent flight assays (e.g., Fig. 2b ) did not indicate an adverse effect of anesthetization on fly behavior. The flies were tested during the last 3 hr of the photophase.
Headspace Collection, Chemical Analysis, and Chemicals Volatiles were collected from ca. 70 ml balsamic vinegar (Aceto balsamico di Modena, Urtekram, Denmark, aged at least 3 yr) by blowing charcoal-filtered air (0.9 l/min) with an aquarium pump through the vinegar in a 1-l gas wash bottle, exiting through a Super Q trap at the gas outlet. The volatile trap was a 4×40-mm glass tube containing 35 mg Super Q (80/100 mesh; Alltech, Deerfield, IL, USA) held between glass wool plugs (Tasin et al. 2006) . Before use, the trap was rinsed with 3 ml of methanol (redistilled >99.9% purity, Merck, Darmstadt, Germany) and n-hexane (redistilled >99.9% purity; Labscan, Malmö, Sweden). After 30 min of collecting vinegar headspace volaitles, compounds were eluted with 0.3 ml of redistilled methanol. These samples were analyzed on a gas chromatograph coupled to a mass spectrometer (GC-MS; 6890 GC and 5,975 MS, Agilent Technologies Inc., Santa Clara, CA, USA). The gas chromatograph was equipped with a DB-Wax or an HP-5MS fused silica capillary column (30 m×0.25 mm× 0.25 µm film thickness; J&W Scientific, Folsom, CA, USA or Agilent Technologies). The amounts of acetic acid, 2-phenyl ethanol, acetoin, and ethyl acetate in the samples were quantified in comparison with synthetic standards (SigmaAldrich, Stockholm, Sweden). Ethyl acetate and ethanol were quantified in a headspace collection eluted with pentane. The methanol Super Q extracts were re-vaporized in the wind tunnel by the piezoelectric sprayer (see below).
Wind Tunnel Most of our flight assays were conducted in a wind tunnel, which was built of glass and had a flight section of 30×30×100 cm. The airstream in the tunnel (0.25 m/s) was produced by a fan (Fischbach GmbH, Neunkirchen, Germany), which blew air into the tunnel through an array of four activated charcoal cylinders (14.5 cm diam.×32.5 cm long; Camfil, Trosa, Sweden). A 30×30×30 cm compartment at the upwind end of the tunnel held the piezoelectric sprayer (see below) and was separated from the flight section by a polyamide mesh (pore size 0.5×0.5 mm; Sintab, Oxie, Sweden). The downwind end of the tunnel was closed by the same mesh. The tunnel was lit diffusely from above, and light intensity inside the wind tunnel was 13 lux. Temperature ranged from 19°C to 22°C; relative humidity from 35% to 50%.
The speed of the airstream was selected based on preliminary tests of the response of the flies. Significantly more flies (2-d-old, starved for 2 d) flew to the standard stimulus vinegar at 0.25 m/s (62±10% attraction) and 0.15 m/s (54±9% attraction) than at a lower speed of 0.05 m/s (40±11%; ANOVA, F=6.20, df=14, P<0.05).
Odor Delivery Charcoal-filtered air was blown through the wash bottle with balsamic vinegar (similar as described above but without an air filter) or distilled water (MilliQ, Millipore, Bedford, MA, USA), into a teflon tube (0.5 cm diam.), leading to an attached Pasteur pipette. The pipette was facing downward into a wide-mouth 225-ml glass jar (38 mm diam.). The air stream containing the stimulus (e.g., volatiles of authentic vinegar or distilled water) emanated as a wide plume from the opening of the jar, in the center of the upwind end of the tunnel. The shape of the odor plume was verified with titanium oxide. Flies were scored when landing at the tip of the pipette, at the top edge of the jar, or inside the jar. All glassware was heated to 375°C for 8 hr before use.
Headspace samples and solutions of synthetic compounds were released from a piezoelectric sprayer. A microinjection pump (CMA Microdialysis AB, Solna, Sweden) delivered the solutions at a rate of 10 μl/min from a 1-ml syringe, through teflon tubing, to a 25-μl glass capillary tube with an elongated tip. A piezo-ceramic disc (Valvo, Hamburg, Germany) vibrated the glass capillary at ca. 200 kHz, and thus produced an aerosol that evaporated from the tip of the capillary (El-Sayed et al. 1999) . The capillary was placed at the vertical midline, 20 cm from the floor, at the upwind end of the tunnel. The dimension of a hexane plume was measured at the downwind end of the tunnel with a photoionization detector (ppbRAE Plus, Scantec, Sävedalen, Sweden). The plume was approximately in the center of the tunnel, and its cross-section was oval, with a vertical axis of ca. 12 cm and a horizontal axis of ca. 7 cm. The piezoelectric sprayer ensured application of odor solutions at a constant rate and known chemical purity. A glass cylinder (60×95 mm diam.) covered with a metal mesh (pore size 2 mm) shielded the vibrating capillary from flies and mechanical damage. When the sprayer was used to deliver the stimuli for the flight assay, flies were scored when landing at the metal mesh.
Initially, four solvents (Table 1) were assayed in the wind tunnel to help to choose an appropriate solvent that would be efficient to elute and dissolve volatile organic compounds without attracting fruit flies by itself. Distilled water (MilliQ) and the redistilled organic solvents methanol, hexane, and heptane (redistilled >99.9% purity, Labscan) were delivered at 10 µl/min (Table 1) . Flies were not attracted to the non-polar solvents hexane and heptane, but these were not suitable for dissolving acetic acid, which is the major headspace component of vinegar. Methanol was a suitable solvent for acetic acid and other vinegar compounds, and was used in subsequent tests.
Trapping Study of Diel Flight Period in the Laboratory A trap was made of a 225-ml capped glass jar filled with 25 ml of a 0.1% Triton X-100 (Tamro Medlab AB, Mölndal, Sweden) solution in distilled water. It contained a 30-ml plastic vial that was filled with the bait, balsamic vinegar (the same as used in the wind tunnel assay and chemical analyses) or a macerated banana-water mixture. Distilled water was the control. A plastic lid holding a cut pipette tip allowed the odor to emanate and provided a trap entry for the flies. Traps were placed in plastic trays filled with water. Five replicates of three different trap lures were randomly distributed in the laboratory. Seventy 1-to 3-d-old flies were released into the wind tunnel room (N =3), 4 hr after onset of the photophase, under a 8:16 hr L:D photoperiod. The traps were checked every 2 hr during the photoperiod.
Test Protocol and Statistical Analyses For wind tunnel assays, batches of 18-24 flies were allowed to walk or fly into a 225-ml glass jar (12 cm high) that was then closed with a screw cap and covered with tin foil. The jar was exposed to the odor plume at the downwind end of the tunnel. A plug closing a 10-mm hole in the middle of the screw cap was removed to allow the flies to exit. The test period was 15 min. Variances of the mean attraction (N=5) were checked for homogeneity (F test or Bartlett's test) and analyzed statistically by a t-test or Tukey's test following an analysis of variance (ANOVA). For the trapping study in the laboratory differences between the two baits and differences between sexes were analyzed by a t-test.
Results
Attraction to Vinegar and Synthetic Vinegar Compounds in the Wind Tunnel Starved, 2-d-old flies were strongly attracted to volatiles of authentic vinegar emanating from the wash bottle (50% of the test flies reached the source after 9.0±2.8 min, and overall attraction was 62±10% within the 15-min experimental period, Fig. 1c ). The quantitative assessment of vinegar headspace volatiles revealed that acetic acid was the most abundant compound (Fig. 1a) . It was released from the wash bottle at 17.4 µg/min (GC-MS). Re-vaporized (sprayed) methanol extract of vinegar volatiles collected on Super Q, releasing acetic acid at the same rate, attracted 74 ±14% flies (Fig. 1c) . Three known ligands of D. melanogaster olfactory receptor neurons, acetoin, ethyl acetate, and 2-phenyl ethanol (Stensmyr et al. 2003; Hallem and Carlson 2006; De Bruyne and Baker 2008) , also were found in vinegar headspace (Table 2 ; Cocchi et al. 2008; Guerrero et al. 2007 ). They were tested as single compounds and in blends, at the release rates found in vinegar headspace. Although not tested individually, it is noteworthy that ethanol was present among the headspace volatiles, but only at 1.5% of the amount of acetic acid (Table 2) . Acetic acid, which was attractive alone, also was required in the blends to elicit attraction, whereas the response to the 3-component blend of 2-phenyl ethanol, acetoin, and ethyl acetate did not cause significant attraction Even at a release rate of 17.4 µg/min (i.e., the same as for acetic acid) the single compounds were not significantly attractive by themselves; acetoin attracted 1±2%, ethyl acetate 3±4%, and 2-phenyl ethanol 6 ± 5% flies (N = 5). A slightly synergistic effect on fly attraction was produced by adding 2-phenyl ethanol to acetic acid, and by adding acetoin to these two compounds. Admixture of ethyl acetate to the 3-component blend further enhanced the fly response, but the difference between the 3-and 4-component blend was not significant (Table 2) .
Threshold Concentration of Orientation to Vinegar in the Wind Tunnel A dose-response test showed that revaporized methanol extracts of Super Q-trapped vinegar volatiles elicited significant attraction at release rates ranging over three orders of magnitude (Table 3 ). The release rate of acetic acid from vinegar was 17.4 µg/min as measured from Super Q traps, but flies were still attracted to a 1,000-fold diluted headspace collection that released as little as 17.4 ng/min acetic acid. This agrees with the significant attraction to a 1,000-fold dilution of vinegar in water. In contrast, the response to a 1:10 dilution of acetic acid alone was not different from the response to the blank, thus corroborating the synergistic effect of the other vinegar compounds (Tables 2 and 3) .
Antagonistic Effect of an Off-flavor on Attraction to Vinegar in the Wind Tunnel During preliminary trapping tests with the banana-water mixture (see below), we regularly observed a decrease in attraction when the bait was growing moldy. Geosmin, an off-flavor produced by mold fungi, had an antagonistic effect on attraction to vinegar. Methanol extracts of trapped vinegar volatiles containing geosmin in a ratio of 1:10 (w/w) relative to acetic acid, sprayed at release rates of 0.174 and 0.0174 µg/min acetic acid, attracted fewer flies (18±12% and 17±10%, respectively) than trapped vinegar volatiles without geosmin (51 and 42% attraction, respectively; response of fed flies to authentic vinegar, disregarding age, was not significantly different from a blank test with water ( Fig. 2a) . Starvation for one day significantly increased the rate of upwind attraction of 1-d-old flies to the vinegar. Attraction of older, 2-to 6-d-old flies peaked when they were deprived of food for 2 d. During the 24 hr period after eclosion, few flies were attracted (1.6%, data not shown).
With flies of 1 d and older, age did not have a significant effect on upwind attraction (Fig. 2a) . These tests were done with mixed batches of females and males, of unknown mating status. In order to verify a possible effect of sex and mating, virgin or mated flies were separated by sex either immediately after eclosion (virgin test flies) or 1 d before the experiment (mated test flies). Neither sex nor mating status had a significant effect on attraction (Tukey's test following ANOVA, F=1.54, df=24, P=0.23) (Fig. 2b) .
Trapping Study of Diel Flight Period in the Laboratory
After D. melanogaster were released from their food vials, traps baited with vinegar or banana-water mixture captured 15% of the flies during the remaining 4 hr of the photoperiod. On the following day, 39% and 62% of the remaining flies were captured, during the first and second half of the photophase, respectively. Significantly more flies were attracted to vinegar (76% and 72% of the trapped males and females) than to the banana-water mixture (ttest, t=3.72, df=10, P<0.005). The ratio between trapped males and females was not different (t-test, t=1.71, df=4, P=0.16). Most flies were trapped during the photophase, only 6% of the flies were caught during the scotophase. Other compounds (>1% relative to acetic acid) found in vinegar headspace, according to GC-MS analysis and in agreement with literature (Zeppa et al. 2002; Guerrero et al. 2007; Cocchi et al. 2008) included: ethanol (1.5%), 3-methyl-1-butanol (2.1%), 2,3-butanediol diacetate (1.7%), acetyl furan (1.0%), 2-methyl-propanoic acid (1.0%), 5-methyl-2-furancarboxyaldehyde (2.6%), isovaleric acid (17.9%), 2-phenylethyl acetate (6.8%), hexanoic acid (2.3%), and octanoic acid (2.1%) c Percentages (N=5 batches of 20 flies) followed by different letters are significantly different (ANOVA followed by Tukey's test, F=57.920; df=15,64; P<0.001)
Discussion
Flies and other insects rely on odors to detect food and mates. Perception of odors has been studied thoroughly in D. melanogaster, particularly by extracellular recordings from olfactory neurons (De Bruyne et al. 2001; Stensmyr et al. 2003; Hallem and Carlson 2006) . These neurons generate excitation patterns that are transmitted to higher brain centers where a behavioral response is created (Jefferis et al. 2007; Schlief and Wilson 2007; Shang et al. 2007; Root et al. 2008) . A current challenge with D. melanogaster is to relate chemosensory perception and coding to the natural behavior of long-range attraction to odors. Airborne odor typically is encountered in intermittent bursts (Baker et al. 1998) , and the generation of an appropriate behavioral response requires instantaneous assessment of its quality. Since long-range displacement costs energy and involves risks, it is vital to evaluate odor quality downwind from the source. Wind tunnel assays monitor the conspicuous outcome of this sensory evaluation, i.e., upwind flight orientation behavior, which is elicited within short time intervals after perception of relevant signals. We have established a sensitive and discriminative flight tunnel assay that facilitates the identification of behaviorally relevant odors, thus providing a link between the neurophysiology, behavioral physiology, and chemical ecology of D. melanogaster.
Balsamic vinegar is a robust stimulus for studying the fly's odor-mediated upwind flight attraction. Following chemical analysis, we applied the wind tunnel assay to reduce the chemical complexity of the vinegar headspace (Zeppa et al. 2002; Guerrero et al. 2007; Cocchi et al. 2008) to a simple blend of volatiles that produced nearly the same attractive response as vinegar. Acetic acid, the main component of vinegar headspace, attracted flies as a single compound. Adding 2-phenyl ethanol and acetoin had a synergistic effect (Fig. 1, Table 2 ). This agrees with recent findings that the complex odor of apple cider vinegar activates several olfactory glomeruli in the antennal lobe; only two glomeruli (and consequently few odor components) are required for close-range attraction in D. melanogaster (Semmelhack and Wang 2009) . Overripe mango, which is another powerful attractant for D. melanogaster, also releases acetic acid and 2-phenyl ethanol. A blend of these two compounds with ethanol is an attractive trap lure for D. melanogaster (Zhu et al. 2003) , and addition of ethanol to the 3-and 4-component synthetic blends that we tested in our study might complement the attraction found for the complete vinegar bouquet. Thus, the role of ethanol in the long-range attractant for D. melanogaster merits additional study.
Attraction to acetic acid is not unique to D. melanogaster. Noctuid moths attracted to fermenting sweet baits also respond to acetic acid (Landolt 2000) . 2-Phenyl ethanol is, like acetic acid, a yeast product; it is also found in insectpollinated plants and known to attract many insect species from different taxa (Andersson et al. 2002; El-Sayed 2009) .
Sensitivity to acetic acid is expressed in D. melanogaster adults and larvae (Hoffmann and Parsons 1984; Cobb 1999; Ruebenbauer et al. 2008; Joseph et al. 2009 ), supporting the idea that this compound is of ecological relevance. Acetic acid probably serves as a cue for the presence of fermenting fruit and other substrates used as food or oviposition sites. Interestingly, Joseph et al. (2009) recently demonstrated gustatory-mediated attraction vs. olfactory-mediated positional repulsion in response to egg-laying substrates containing acetic acid, under close-range conditions. Under long-range conditions, acetic acid plays an essential role in upwind flight attraction (Table 2) , which we assume is relayed through olfactory neurons. Despite its strong behavioral effect, it is yet unclear how D. melanogaster perceives and processes acetic acid. In comparison, olfactory neurons expressing receptors for 2-phenyl ethanol, acetoin, and ethyl acetate, and their associated glomeruli in the antennal lobe are already known (Fishilevich and Vosshall 2005; Hallem and Carlson 2006; De Bruyne and Baker 2008; Asahina et al. 2009 ). Semmelhack and Wang (2009) showed that activity in the glomeruli DM1 and VA2 is associated with close-range attraction of D. melanogaster to vinegar. The vinegar compounds ethyl acetate and acetoin are the strongest known stimuli for these two glomeruli (De Bruyne and Baker 2008) . Ethyl acetate and acetoin may be sufficient for close range attraction and oviposition (Ruebenbauer et al. 2008; Semmelhack and Wang 2009) , but a blend of these compounds did not induce upwind flight attraction in the absence of other vinegar volatiles (Table 2 ). It will be rewarding to study the representation of defined blends of synthetic compounds in comparison with complex authentic odors such as vinegar.
The threshold concentration for initiation of upwind flight reflected odor quality. Drosophila melanogaster responded to the odor of vinegar even at a 1,000-fold dilution, or a release rate of 17.4 ng/min of the main compound acetic acid. In comparison, attraction to a 10-fold dilution of acetic acid alone was not significant (Table 3) . Admixture of further vinegar volatiles to acetic acid had a synergistic effect on attraction (Table 2) , while admixture of geosmin, an off-flavor produced by microorganisms such as mold fungi (La Guerche et al. 2006) , produced an opposite, antagonistic effect on attraction to vinegar.
The stimulus application method is a keystone element of wind tunnel bioassays. The piezoelectric sprayer (El-Sayed et al. 1999 ) enables the release of chemicals at a known constant rate and purity. It enables the parallel chemical and behavioral analysis of headspace collections of natural odour sources, as a starting point for tests with synthetic chemicals. The comparison of fly attraction to authentic and re-vaporized headspace corroborates the validity of the spray application procedure (Fig. 1) .
The piezoelectric sprayer disperses solutions of synthetic and authentic chemicals in solvent. Methanol, which did not elicit a significant response from D. melanogaster (Table 1) , is a good choice for a solvent in this spray system. It is easily vaporized and dissolves polar-and to some extent, non-polar compounds. Our results on the response to methanol agree with a study by Hoffmann and Parsons (1984) that showed no attraction of D. melanogaster and three other species of Drosophila to methanol. Comparison between authentic vinegar-and sprayed methanol extracts of Super Q-trapped volatiles did not show an impact by methanol (Fig. 1c) . Interestingly, tests on higher dilutions (1:100 and 1:1,000) indicated a stronger attraction to the methanol extracts (diluted in methanol) than to the authentic vinegar (diluted in distilled water) (Table 3) . This suggests a possible synergistic activity of methanol to stimuli tested at threshold concentrations, and the effect of methanol in the context of other components of the attractant bears further investigation. It is, however, unclear if this effect was due to the solvent or due to the different odor application methods.
Water is a straightforward solvent for vinegar, however dilutions in water cannot be analyzed by gas chromatography. It is noteworthy that a few flies responded to distilled water, although attraction was not significantly different from blank (Table 1) . Water has been reported earlier to be critically important for attraction to traps baited with synthetic fruit odors (Zhu et al. 2003) . Drosophila melanogaster sense water with gustatory receptor neurons on the proboscis that projects into a specific region of the suboesophagal ganglion, and with hygrosensory neurons located on the antennae that projects into the antennal mechanosensory centre (Fischler et al. 2007; Liu et al. 2007; Inoshita and Tanimura 2008) . It is remarkable that stimuli from outside the antennal lobe, i.e., the olfactory center, generate or contribute to an upwind flight response in D. melanogaster.
The response of D. melanogaster to vinegar was modulated by hunger, whereas sex and age did not have an effect (Fig. 2) . The olfactory system is under circadian clock control (Tanoue et al. 2008) . Sexual activity peaks during the night (Fujii et al. 2007 ), but flies respond to food during the day. Starvation had a decisive effect on attraction to vinegar, in both sexes, irrespective of mating status. Upwind flight of hungry flies to the odor of vinegar demonstrates that odor cues are processed with respect to the physiological state of the fly to generate an appropriate behavioral response. In the case of a hungry fly, this response is expressed as a voluntary take off and the initiation of flight towards the odor source.
We conclude that our wind tunnel assay and the piezoelectric delivery system enables the measurement of a conspicuous and unambiguous behavioral response. The measurement of this response provides the necessary resolution for the investigation of physiologically and ecologically relevant odors and will become an essential tool for the functional analysis of the D. melanogaster olfactory system.
